Experimental studies have suggested that silica induces cancer in animals,'" and epidemiological studies on subjects exposed to silica"'0 and workers compensated for silicosis' '-' seem to indicate the aetiological role of silica in the induction of human lung cancer. The International Agency for Research on Cancer (IARC) has recently concluded that the evidence on cancerogenicity of crystalline silica to experimental animals was "sufficient" whereas the evidence of cancerogenicity to man was "limited."'6 Doubts remain about exposure to silica dust as a human carcinogen because of the lack ofdetailed data on past exposures and the possible confounding effect of concomitant exposure to other pulmonary carcinogens." 18 We have studied workers compensated for silicosis in the Latium region (Italy). In this area (with 5m inhabitants) exposure to silica has occurred in the past mainly because of tunnel and other construction works, quarrying, and employment in the ceramics industry.
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The Italian Institute for Insurance of Occupational Diseases (INAIL) is in charge of the disability compensation of occupational diseases. A compensation claim for silicosis is reviewed with regard to (i) radiographic findings consistent with pneumoconiosis; (ii) verified history of occupational exposure to silica dust; and (iii) degree of disability exceeding 10% (or 20% before 1981).
A complete list ofpeople with compensated silicosis was not available because of changes in the recording system and periodic removal of old cases. Therefore, INAIL provided a list of male workers in the Latium region who had received a disability pension for silicosis during the period 1946-84 and whose award had been discontinued because of death or other reasons. For each subject the following information was available: personal data, date on which silicosis was first noted, date of initial compensation, degree of disability, and last occupation entailing exposure to silica. When relevant information on dates and occupation was missing in the original file, it was retrieved through the provincial offices of INAIL.
Altogether 952 men were enrolled in the study and their vital status was ascertained for the period 877 The mortality odds ratio (table 1) was raised for respiratory disorders (4.1) due particularly to the excess mortality from silicosis (105 deaths). Deaths from tuberculosis were also higher than expected (MOR = 3 7). The overall cancer mortality was not increased but excess risks were evident for lung cancer (MOR = 1-5) and bone cancer (MOR = 4-1). Finally, deaths from liver cirrhosis were greater than expected (MOR = 1-9), whereas mortality from circulatory diseases (MOR = 0-81) was lower than expected.
LUNG CANCER
A total of 64 lung cancer deaths were recorded and table 2 shows lung cancer mortality by age, period of initial compensation, degree of disability, and occupational activities. The mortality odds ratio was particularly increased below age 65. No excess was present among those compensated in the earliest period (1946-65), whereas a significant increase was seen for more recently compensated subjects. The risk of lung cancer did not vary across the categories of final severity of disability. Not all occupations held by the silicotic subjects had an excess risk for lung cancer. A significant excess was present for mining and pottery industries. Information on smoking habits was available for 48 cases of lung cancer (75%) and 157 subjects from the sample of silicotics (63%). The prevalence of eversmokers was 87-8% among the cases of lung cancer (five non-smokers) and 70 7% (95% CI = 63-6-77-8) in the silicotic population, the latter figure being in good agreement with an age adjusted prevalence of smokers in the general population of 68-5%.
Discussion
The present study shows an excess risk for respiratory deaths, including tuberculosis, among subjects receiving compensation for silicosis. The occurrence of lung cancer is significantly increased mainly because of an excess in the subgroup aged under 65. Certification of cause of death in men of this age should be of high quality. The excess of respiratory cancer supports the evidence from previous studies of a raised risk of lung cancer among workers exposed to silica, especially in silicotic patients.
The interpretation of the relative risks found in different subgroups of the study population is not straightforward owing to the small number of subjects in some ofthe subgroups ofinterest. The deficit oflung cancer mortality among those compensated in the earliest calendar period could reflect a higher mortality from a more severe form of silicosis, as a "competing risk." On the other hand, there is no variation in the risk of lung cancer according to the degree of disability.
The risk of lung cancer seems to differ among silicotic subjects from different occupational groups, even if some estimates are clearly unstable owing to small numbers. Exposure to other occupational carcinogens could act as confounders of the relation. '8 879 For instance, miners have been exposed especially to radon daughters, and construction workers and foundry workers may have been exposed to asbestos and to polycyclic aromatic hydrocarbons, respectively. The excess risk among ceramic workers, on the other hand, which is consistent with findings from a previous study,6 relates to a work environment where silica is the predominant risk factor for respiratory cancer. Exposure to non-fibrous talc, which Thomas and Stewart reported as a risk factor for lung cancer among pottery workers,'0 would hardly be a strong enough confounder to explain the association. 25 There are several reasons why studies based on silicotic subjects receiving compensation may be biased towards a silicosis-lung cancer association.'6 A diagnosis of lung cancer, for instance, could affect the recognition of a silicotic disease, thus artificially increasing the risk of lung cancer among those receiving compensation. Excluding deaths occurring within three years ofcompensation, however, 50 cases of lung cancer and 146 referents remain and the excess risk for lung cancer is unchanged (MOR = 1 5; 95% CI = 1.1-2.1).
Certification of death among silicotic subjects may be focused on chest problems and necropsy rates could be higher than in the general population. We had access to the individual medical files for 42 cases of lung cancer whose death occurred in hospital. A necropsy had been performed in four subjects and did not alter the premortem diagnosis of lung cancer. Of the 22 remaining cases out of the 64 total, 15 died at home and are unlikely to have been necropsied, given the local rules. Therefore, the excess risk oflung cancer found in this study does not seem to be due to information bias from a greater frequency of necropsy.
The regulations for compensating silicosis vary between countries, so comparison is difficult. The relative risk for lung cancer that we observed, 1-5, is lower than those estimated among silicotic subjects in Canada, 198," and in Finland, 3.05. 12 Smoking habits represent a potential confounder in this study. The estimate of 70 7% ever smokers among silicotic subjects is close to the expected prevalence of 68-5% calculated from a national survey.24 In the past the proportion of smokers in Italy was higher,26 so the smoking habits of the silicotic subjects are compatible with those of the general population, thus any confounding effect would be small. 27 It has been suggested that exposure to silica may be associated with disorders of the genitourinary system,n malignant neoplasms of the lymphohaemopoietic system, including leukaemia, both in animals4 and in man,' bone cancer,9 gastrointestinal tract cancer,7 and also diseases of connective tissue, such as rheumatoid arthritis.'0 An excess of bone cancer and an increased risk of myeloid leukaemia, as found in the present study, has also been reported among United States granite workers9 and gold 880 miners.' The five cases of bone cancer and the four cases ofmyeloid leukaemia in our study did not cluster in any particular occupation, therefore rendering, in the absence of any other obvious explanation, an association with silicosis more likely than one with exposure to silica.
The excesses from the above mentioned cancers are balanced by a deficit in other tumour sites, mainly those of the digestive tract. This is in contrast with the findings from Finland' but chance alone could explain such a result.
A traditional cohort approach was not feasible because some records ofcompensated silicotic patients in our region were missing. It is unlikely, however, that there was any systemic loss with regard to cause of death. Furthermore, we have adopted a mortality odds ratio approach to avoid the pitfalls of proportional mortality analysis3 32 by selecting denominator deaths not influenced by the exposure of interest.
The results ofthe present study indicate that silicosis is associated with lung cancer, as has been already suggested, but the role of exposure to silica or of the silicotic disease in the induction oflung cancer remains unclear. Other conditions were associated with silicosis in this study, especially bone cancer and myeloid leukaemia.
